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Getting started with CBES App

This tutorial provides a step-by-step guide to quickly get familiar with the CBES App.
Please refer to the User Manual for more detailed information.

What is CBES

The Commercal Building Energy Saver (CBES) Toolkitas energy retrofit analysis toolkit, developed by

Lawrence Berkeley National LaboratdiyBNL). The CBES Toolkit evaluates the energy use of a building,

identifies and evaluas retrofit measures. The toolkit provides a rich set of features for energy
benchmarking and retrofit analysis: (1) Energy Benchmarking provides an EnergyStar score for the

building and how it compares with its peer buildings; (2) Levéld- or Low Cos ImprovementAnalysis
identifies potenti al building operation {dmmge ovement s
interval electricity use data; (3) Level 2: Preliminary Retrofit Analysis searchessinmuated database

for retrofit measres based on investment criteria; and (4) Level 3: Detailed Retrofit Analysis performs
EnergyPlus simulation to evaluate energy savings of user configurable energy conversation measures
considering actual building characteristics and operation schedules.

The CBES retrofit software will analyze the energy performance ofsuseilding for pre and postretrofit,

in conjunction with usés input data, to identify recommended retrofit measures, energy savings and
economic analysis for the selected measurés. software provides the energy benchmarking and three
levels of retrofit analysis depending on the degree of the input data provided.

1 Energy benchmarking:
Use of external energy benchmarking software APIs including EnergydENERGY
STAR Portfolio Manager

1 Level 1: No or low-cost improvement analysis
Base load shape analysis based on the statistical models

1 Level 2: Preliminary retrofit analysis
Retrofit analysis from a database that compiles thesimnelated energy performance
using prototype bulilings with retrofit measures, and associated cost data for measures

1 Level 3: Detailed retrofit analysis
Retrofit analysis from a real time simulation that calculates the energy performance of the
building with user configurable retrofit measure(s)
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Introduction

Overview

Commercial Building Energy Saver (CBES), intended use for small and medium office and retail buildings in California, provides energy benchmarking and three levels of retrofit analysis
considering the project goal, data availability, and user experience. CBES offers prototype building models for seven building types, six vintages, in 16 California climate zones and roughly 100
energy conservation measures (ECMs) for lighting, envelope, equipment, HVAC, and service hot water retrofit upgrades. CBES Preliminary Retrofit Analysis utilizes the DEEP database, a data bank
for screening and evaluating retrofit measures for commercial buildings generated from 10 million building energy simulations conducted using EnergyPlus and the U.S. National Energy Research
Scientific Computing (NERSC) supercomputer. CBES Detalled Retrofit Analysis employs advanced automated calibration algorithms to attune inputs prior to simulating energy savings of ECMs. For
the detalled retrofit analysis, on-demand energy simulations using OpenStudio and EnergyPlus calculates the energy performance of the building with user configurable ECMs. CBES Is flexible
enough that the user can jump to any level of evaluation, after the common inputs are provided. For those who wish to extend beyond California, a national version can be found at the 2030 whole
building retrofit toolkit portal. CBES targets broad audience including building owners, facility managers, energy managers, building operators, energy auditors, designers, engineers and
consultants.

Benchmarking

Benchmark the building using ENERGY STAR Portfolio Manager API and EnergyIQ API

Required inputs: Basic information and Energy Data in Common Inputs tab, and ENERGY STAR Inputs in Benchmark tab

Target audience: For all types of users

No - or Low-Cost Improvement
Level 1 identifies no- or low-cost operational improvements from load shape analysis using electricity and gas data
Required inputs: Basic information and Energy Data in Common Inputs tab, and Weather and Operation information in No- or Low- Cost Improvement tab.

Target audience: For all types of users

Figure 1 Front page ofCBES App

Tutorial Example for ru nning CBESoolkits

Overview

In this tutorial, a building owner has a 1 story small office building located in San Francisco, California

(zip code: 94127). The building wasilt in 1977 and has a floor area of 10,000 Tthe building owner

would | ike to benchmark the buildingds ener-gy consum
wide, and explore potential energy retrofit to reduce energy use and cost.

For thisgoal, five steps marked withB.1, L1.1, L2.1, L3.1, and L3.2are conducted in sequence. The

owners firstly benchmark the buildingbs existing ene
capture the buil di nhgtes to figara &Gut wh&hersthere Bre soine owldwcasin

i mprovement opportuni t i-ndnute ibtgrvaleledritity use data (CaseiL1.1y Angbdés 15
preliminary retrofit analysis (L2.1) is undertakendoggest the effective retrofit meassré\fterwards,

detailed retrofit analysis (L3.1) provide concrete retrofit performance of these measures and measure
packages in terms of energy saving, energy cost and investment and yield. Last, concerning a local
economic incentive for T8 lighting upgte, L3.2 is conducted tohelp the building ownemake the

decision.

Case B.1 Benchmarking

A Input the information
Suppose thate building owner has the monthly utility usageading as

. He would like to do building energy benchmarking before he does the retrofit analysis. In this case, the
building energy benchmarkingdture will be tested. All available inputfarmation, besides the bill, is
shown inError! Reference source not found.



Table 1 Monthly electricity and natural gas usage

Month Electricity [kWh / kBTU] Gas [Therm/KkBTU]
January 11805 / 40290 157 / 15728
February 10572 / 36083 98 / 9847

March 12203 / 41648 83 /8318

April 10971 / 37443 71 /7100

May 11734 / 40046 38 /3845
June 11753 / 40111 30/3011
July 11683 / 39876 22 /2203
August 12564 / 42882 24 [ 2428
September 11965 / 40837 24 /2418
October 11793 / 40247 45 | 4507
November 11345 / 38718 93/9301
December 11597 / 39579 145 / 14524
Total 139985 / 477760 830 / 83230
Table 2 Information for benchmarking
Items Information
Building type 1-story office
Zip code 94127
Vintage 1977
Gross floor area 10,000 ft

Using URL in a web browser to launch t88EStoolkit, aportal pageto the tool shouldliisplayasError!

Reference source not found.S e |

ect

t he

Tab

i Co mmo n Analysiu tBss!

and

Reference source not foundindicated A new case will be generated withsession numbeshowing at
the upper right side of the padgedure3).

Input the information into the corresponding blanks-igeire3d e monstr at e s .

button at the bottom of each frame to write the information into the system.

Commercial Building Energy Saver

Welcome! Your session number is 801427,

Remember

Introduction
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(1) Start a New Session

(3) Start a New Session

(2) Continue in a Previous Session

with Inputs in a Previous Session

Please select one of the following methods to continue:

New Analysis |

Session

Session

oo

Continue

Continue

Figure 2 Start new analysis
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Please select one of the following methods to continue:

(1) Start a New Session New Analysis
(2) continue in a Previous Session Session £: Continue
(3) Start a New Session with Inputs in a Previous Session  Session = Continue
Basic inforn Energy Data Buﬂdmg information
“Building type Office - smail 1 story .
Vear buk 977 ‘Meter data (Green Button Data format)
Califoria Zip code pac22 Service Type  Uploaded ~ Select a new XML file
Gross floor area (square feet) 5500 Electricity No Choose File | No flle chosen
Retail loor ares percentage (%) 0.0 Natural Gas No Choose File | Mo fle chosen
Note:
* More customization (such as number of storfes) can be done in Detaled Retrofit Analysis Update | Saved at 09 Mar 15:02

“*Only required for mixed use buildings.
The smart meter data must be Green Button Data format. The electricity data should have hourly or sub-hourly interval for the recent year.

Uploading smart meter data will automatically generate values for monthly energy data below.

Update | Saved at 09 Mar 17:08

Or, if smart meter data are NOT available, input monthly energy usage data below.
Investment criteria

Starting of bill cycle
Priority for measure selection| Maximizing energy costsavings v Monthly energy data
‘Maximum budget ($) 15000.0
‘Maximum payback year 3o First Bill Date: (2013 v | Mar v |2 v

‘The Bill Start Date and Bill End Date below will be automatically updated when the Fi

jote: ill Date above is changed
“Optional

Update | Saved at 09 Mar 15:02 8ill Start Date 8ill End Date Flectricty yoaoe Natural Gas Usage
2013 v |[Mar v[12 v 2013-Apr-01 50.00 106.00
. 2013 v||Apr v|l2 v 2013-May-01 [80.00 85.00
Energy price 2013 v|[May v|[2 ¥ 2013-Jun-01 £0.00 88.00
Bectridty (8/kWh) S 2013 v/ dun v 2 v 2013-Jul-01 £0.00 63,00
Nitura\gz;krlherm‘ 099 2003 vl _vli2 v 2013-Aug-01 60.00 4800
R 2013 v|[Sep v (2 v 2013-0ct-01 6000 2300
» 2013 v|[Oet v|i2 v 2013-Nov-01 60.00 26.00
Update | Saved at 09 Mar 17:08 e . oo o
2073 v [oec v][2 v 5000 o Bill reading
ission 1. 2014 v|[Jan v|[2 v 5000 500
€02 emission factors 2014 v|Feb v 2 v 2014 v |[Mar v|[1 v 50.00 106.00
Electricity (Ib/MWh) 687.87
Natural gas (Ib/MWh) 4135 Update Saved at 09 Apr 17:12
Note:

Figure 3 Data input for case B.1
A Run the benchmarking

Upon finishing t he i nput i n tehckmarking by dlickimgmtheo n Il nput
ABenchmar ki ngo Tab.

Leave the optional Energy STAR i nuom.tThelrdsdtsflar.the Si mpl y ¢
B.1 benchmarking should be likggure4. The results show that this building has an EnergyStar score of

38 @scoreof 750orhighequal i fi es a buil di n)gpdlsonsknasenorggy St ar
energy than 86.5% of the peer buildings in California.
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ENERGY STAR Inputs

Weekly operation hours: *Optional
Number of computers: *Optional
Number of workers: *Optional

Note: To get an ENERGY STAR score, the building must be at least 5000 square feet and open at least 30 hours per week.

Your annual energy consumption is 56.06 kBtu/sf.
The EnergyStar Score of this building is 38 (a score of 75 or higher qualifies a building’s Energy Star certification).

The EnergyIQ benchmarking result shows this building consumes more energy (in EUI) than 86 % of its peer buildings in California.

Whole Building - Total Site Energy (kBTU/sfyr)

100 M Frequency

M Accumulation
M Your building

25

U|||._ )
30 50

70 90 110

Buiidings in Pesr Group (%)
o

Site Energy (kBTU/st-yr)

EnergyIQ benchmarking result SUMMARY The site energy consumed for typical buildings of the type(s)
you've specified is 31.9 kBTU/sf [median], with a range of 22.4 to 91.6 kBTU/sf [5th to 95th
percentiles] for the population. This analysis includes population weights for each building.

Note: The EnergyIQ benchmarking result is based on California Commercial End-Use Survey (CEUS).

Figure 4 Results for Case B.1 benchmarking

Case 11 No- or Low- Cost Improvement Analysis

The benchmarkig above indicates the energy performance of this building is Ppherbuilding owner has

t he bui Inthitenigedval eldcticity use dataaved i n an Excel file, and
temperature datdHe would like to analyze the data affigure out whether there are some o low-cost
improvement.

A Input the information
No- or low- cost retrofit aims to achieve energy savingabglyzing the smart meter datdormally, these
methods include the adjustment of the working schedules, gigitike working hours, and shutting down
the unnecessary lights and appliances.

CBES app helps the users with the brief analysis of the possibde oo cost retrofit strategies under the
tab-dide-Cost | mprovemdigureh, as shows in
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Low- or No-Cost Improvement Analysis

Temperature File: Download from nearby airpart v
Electricity Load File: Use my own data M
Previous electricity load file: No file upl

Select a new electric load file: Choose File | No file chosen

If a new file is selected, it will be uploaded and used in the analysis.
Otherwise, the previous uploaded file will be used.

The file should be CSV format with two columns.

* The first column should be the date and time in the same format as 2000-01-01 01:01:00.
* The second column should be the temperature in Fahrenheit or load in kwh.

* The data should start from 2nd row.

Example files: Temperature.csv, Electricity.csv,

Note: Weather underground API is used to download temperature file from nearby airport.
Some airports may be lack of data, while some of them may only have daily data.
So you may need to use your own temperature file for more accurate analysis.

No or Low Cost Improvement Analysis

Figure 5 Portal for no- and low- cost improvement

The outdoor air temperaturde and the 18minute interval electricity load file are required to perform the
no- or low-cost improvement analysis.

For thetemperature filet wo opti ons are available, including ADownl
own dat ao. The buil ding owner donot have the out do
ADownl oadr byomi nporto. I n this case, the CBES Tool kit
from nearby airport through Weather Underground ARtp(//www.wunderground.co/ It needs to be

pointed out that thdownload procedure may be time consuming anddiselution of the dateay betoo

low for some of the airpofi.e. one data point per day)

For thel5-minute interval electricity loaflle, theo pt i ons are fAUse green button da
tabd AUse my own datao. As the building owner donodt |
own dThée kilding owner will see something likégure6. The interval data are in Excel format, so

he need to generate a CS\éfwith the required format from the Excel file.


http://www.wunderground.com/
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Low- or No-Cost Improvement Analysis

Temperature File: Download from nearby airport -
Electricity Load File: Use my own data -
Previous electricity load file: ber_2100_mlk_jr_way_kwh.csv
Select a new electric load file: No file selected.

If a new file is selected, it will be uploaded and used in the analysis.
Otherwise, the previous uploaded file will be used.

The file should be CSV format with two columns.
* The first column should be the date and time in the same format as 2000-01-01 01:01:00.

* The second column should be the temperature in Fahrenheit or load in kWh.
* The data should start from 2nd row.
Example files: Temperature.csv, Electricity.csv,

Note: Weather underground API is used to download temperature file from nearby airport.
Some airports may be lack of data, while some of them may only have daily data.
So you may need to use your own temperature file for more accurate analysis.

No or Low Cost Improvement Analysis

Figure 6 Low- or No- Cost Improvement input

A Generating required CSV file from Excel file
Figure 6 shows the required CSV file format. The file should be CSV format with two columns. The first
column should be the date and time in the same format as@e0D 01:01:00. The second column
should be the temperature in Fahrenheit or loadWhkThe data should start from 2nd row. Some

example files are also provided.
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11 1,1,14 1:45 AM 100
12 1,1,14 2:00 AM 100
13 1,1,14 2:15 AM 100
14 1,1,14 2:30 AM 100 -
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Figure 7 Electricity load in Excel

Figure7 shows the original data in the excel file. There are some steps to generate the required CSV file.

Step 1: Change the Uni kWh. Figure8 shows the unit conversidrom GJ to kWh (1 GJ = 277.8 kwWh)

H ©- 2 = Bookl - Excel 7 B - O x
FILE HOME INSERT PAGELAYOUT FORMULAS DATA REVIEW VIEW ACROBAT TEAM  Yixing Ch.. - @.
LI N Calibri -ln - = Er % %Cﬂnd\tmna\ Farmatting = El #

B~ B I U- A& [EZ7 Format as Table =

Paste = B-laa Number = 'Ot as 1avie Cells  Editing
. - DA sE= - +  [GFcell Styles~ - .

Clipboard Font [F] Alignment ] Styles -~

D5 - I A

A B C D E F G H I~

1

2 Date time Bldg A

3 Unit kKWh

4 1,1,14 12:00 AM 27771.8

5 -I 1,1,1412:15 AM 27771.8

] 1,1,1412:30 AM 27771.8

7 1,1,1412:45 AM 27777.8

g 1,1,14 1:00 AM 27777.8

9 1,1,14 1:15 AM 27777.8

10 1,1,14 1:30 AM 27777.8

11 1,1,14 1:45 AM 27777.8

12 1,1,14 2:00 AM 27777.8

13 1,1,14 2:15 AM 27777.8

14 1,1,14 2:30 AM 27777.8 |51 -

Sheetl 4
it M -—+—+ 10

Figure 8 Unit conversion for electricity load in Excel



Step 2. Combine the header lines and move the data to columns A and B. Make sure row 1 is the header
and the data starts from rowa2 shavn in Figure9.

H ©- 29 = Bookl xlsx - Bxcel T E - O %
FILE HOME INSERT PAGELAYOUT FORMULAS DATA REVIEW VIEW ACROBAT TEAM VYixing Ch.. - .ﬁ.
&% Calibri -1 - % Cnnd\t\nnal Farmatting = El #
Fgy- B I U- U oA 7] -
Paste & - A A MNumber EFormat as Table Cells  Editing
¥ - DA - [ cellstyles~ - -
Clipboard & Font [F] Styles ~
c11 A v
A B C D E F G H =~
1 |Datetime Bldg A (kwh)
2 | 1,1,1412:00 AM 27777.8
3 11,1,1412:15 AM 27777.8
4 11,1,1412:30 AM 27777.8
5 1,1,1412:45 AM 27777.8
6 | 1,1,141:00 AM 27777.8
7 1,1,14 1:15 AM 27777.8
8 1,1,14 1:30 AM 27777.8
9 1,1,14 1:45 AM 27777.8
10 1,1,14 2:00 AM 27777.8
11 | 1,1,14 2:15 AM 27?77.3| |
12] 1,1,142:30 AM 27777.8 -
Sheetl (O] 4 3
READY EH fl -——+ 100%

Figure 9 Adjust Columns and Rows forelectricity load in Excel

Step 3: Change the date time format. Right clickCmiumn A (make sure Column A is selectednd
sel ect fi F o r Figare 10).Cre thel pepii winflow, select Custom from Number Tab, and type
AYYYY -mm-dd HH:MM:s® a s is Figureld. Click on and you will see similar results as shown in
Figurel2.

H ©- = Boolkd xdsx - Excel ?T H - O X
[
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Delete

READY  AVI N SUM: 458040.5729 A M -——+ 100%

Figure 10 Date time formatting for electricity load in Excel
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time formatting for electricity load in Excel

- @ s BookL.xls - Excel ? A -
‘ FILE ' OME  INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW ACROBAT TEAM  Yixing Ch...
D £ Calibri -ln - == Ez % %Cmditinnal Farmatting = El %
- B I U- C oA - el -
Paste LA A = B~ |\ ber & Formatas Table Cells  Editing
Lo . D A - EFcellStyles~ - -

Clipboard & Font ] Alignment [Fl Styles ~
Al - fr | Datetime v

A B C D E F G -
1 |Date time Bldg A (kwh)
2 | 2014-01-01 00:00:00 27777.8
3 | 2014-01-01 00:15:00 27777.8
4 | 2014-01-01 00:30:00 27777.8
5 | 2014-01-01 00:45:00 277778
6 | 2014-01-01 01:00:00 27777.8
7 | 2014-01-01 01:15:00 27777.8
& | 2014-01-01 01:30:00 27777.8
9 | 2014-01-01 01:45:00 277778
10 | 2014-01-01 02:00:00 27777.8
11| 2014-01-01 02:15:00| 27777.8
12| 2014-01-01 02:30:00 27777.8 hd

Sheetl ® 1 3

Figure 12 Date time formatting for electricity load in Excel

Step 4: Export the data to CSV form@lick on FILE tab as highlighted iRigure 12.
AChanlge TFypeidCSV

(Figurel13).

( Comma

del i mited)

Sel ect
(*.csv)o

10

t

AExporto
0O expor
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4] Create Adobe PDF
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a Optimized for fast loading and saving
D; Create PDF/XPS Document

Save As Other File Types

] Text (Tab delimited) (1)
Sramhiei QL Change File Type Text format separated by tabs
POF

CSV (Comma delimited) (*.csv)
Text format separated by commas

Print

X

Share Formattea e (apace dahmited) (pr)
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Figure 13 Export electricity load in Excel to CSV file

A No-or low - cost improvement analysis result

Upon uploading the two input files, i ck t he fiNo or Low cost
page Figure 14 shows first page of the analysis results, which indicates the building consumes more

electricity in autumn than in winter.

Figure 14 No or Low cost improvement resilt

mpr ovement

Users can click the link on the loweght to see more detailed results of each sedsgare 15 shows an
example of the analysis results from CBES, which calculates the operation aogaration hours, as well

as the average load during those hours. The results indicate that thagbbiéd quite high energy
consumption during neoperation hours, which may be caused by leaving the lights and/or equipment on
during nonoperation hoursThe building owner checks the building and finds that the HVAC system are
not turned off during thaight. So he adjusts the settings and reduce the electricity consumption during

non-operation hours.
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